
18.01.2024

1

1

https://www.news18.com/news/buzz/phytoplankton-a-key-to-understand-effect-of-climate-change-on-oceans-3993179.html
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Różne warunki środowiskowe i czynniki ekologiczne 
kontrolujące fitoplankton
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Światło w wodzie
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Keratella cochlearis

Eudiaptomus sp.

Bosmina sp. 

Daphnia magna

10

Osłonice

Copeoda

Kryl

Copeoda
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19

Małe
komórki nie
opadają

Duże i ciężkie 
mają dziwny 
kształt lub 
kolonie

Kolonie mają 
galaretowate 
otoczki

Poruszają 
się dzięki 
wici

Kolonie też 
mogą się 
poruszać

Sinice  mają 
pęcherzyki 
gazowe
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Oligotroficzne pH 7 lub lekko 
zasadowe. Bardzo 
ubogie w zw. 
biogenne

Okrzemki:
Cyclotella i 
Tabellaria

Asterionella spp., 
Melosira spp., 
Dinobryon spp. 

CyclotellaTabellaria sp.

Asterionella sp. Aulacoseira sp Dinobryon sp.

Pikocyjanobaketrie
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Mezotro-
ficzne/Eutrofic
zne

pH 7 lub lekko zasadowe 
Dominanci roczni w 
mezo- sezonowo w 
eutro-

Bruzdnice: 
Peridinium i 
Ceratium

Inne:
Glenodinium,  
Asterionella 
Anabaena 
Cryptomonas, 
Rhodomonas

Peridinium spp Ceratium sp.

DolichospermumAsterionella Cryptomonas

Rhodomonas
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Eutroficzne Zwykle 
zasadowe  
bogate w 
biogeny

Okrzemki i sinice
Asterionella, Fragilaria 
crotonensis, Synedra, 
Stephanodiscus, Melosira 
granulata

Dużo różnych 
szczególnie 
zielenice i sinice

Dolichospermum

Asterionella Fragilaria crotonensis Ulnaria acus

Stephanodiscus Aulacoseira granulata
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Eutro-
ficzne

Zasadowe  bogate 
w biogeny, lato 
klimat 
umiarkowany

Sinice: Anacystis, 
Microcystis, 
Aphanizomnon Anabaea, 
Planktotrix

Inne sinice , 
zielenice 
euglenofity gdy 
dużo zw. 
organcznych

Anabaena

Fragilaria crotonensis

Aphanizomnon

MicrocystisAphanocapsa

Planktotrix Dolichospermum
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Dystroficz
ne

Humusowe, lekko 
kwaśne i kwaśne    
biogeny trudno 
dostępne

Wiciowce
Raphidiophyceae -
Gonyostomum semen 
Bruzdnice –
Peridinium, Ceratium

Inne wiciowce , 
kryptofity- Rhodomonas
i Cryptomonas
Chrysofity - Dinobryon

Peridinium sppCeratium sp.

CryptomonasRhodomonas

Gonyostomum semen

Dinobryon
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Table 1. A provisional trophic spectrum of major genera of phytoplankton

Trophic status ULTRAOLIGOTROPHIC..............................................................................HYPER-EUTROPHIC
nutrient supply strongly deficient.....................................................adequate..............................................saturating
alkalinity acid.......................................................................................................alkaline.................calcareous
clarity clear...........................................................................................................................................turbid

Diatoms C.glomerata/C.comensis....C.meneghiniana...S.minutulus....S.neoastraea....S.rotula....S.hantzschii
....Urosolenia.......

....Tabellaria........................Asterionella....................Fragilaria............Diatoma.....
..Aulacoseira distans....A.subarctica..........A.ambigua...A.granulata.......

..............Melosira varians........

Chlorophytes .........................................Chlorella spp............................................................
.......................Chlamydomonas..............................................

...........................Scenedesmus...........................
Gonium...Eudorina...Pandorina

...........Coelastrum, Pediastrum
.......Sphaerocystis, Gemellicystis............

..Staurodesmus.......Cosmarium........Staurastrum.......Closterium.....

Cyanobacteria ..Merismopedia..Gloeotrichia..Coelosphaerium...Planktothrix..Limnothrix/Pseudanabaena.
..A.solitaria.......Gomphosphaeria..........................Microcystis.......

...A.lemmermanni.......A.flos-aquae/A.circinalis.....
...Aphanizomenon...

Dinoflagellates ................................Peridinium, Ceratium................

Cryptophytes ....................................Rhodomonas............Cryptomonas..........................................

Chrysophyceae Dinobryon...
Uroglena.......
Mallomonas.............

Synura.....
Chrysosphaerella...

Euglenoids Euglena
Phacus

Lepocinclis

which together determine the dynamic variability of
pelagic environments.
The objective cannot be attained in a single work-

shop, much less in a single paper. The intention of
this contribution is to rationalise our intuitions about
the assembly of broad but distinctive associations of
phytoplankton species. It begins with an overview of
current perceptions of the role and selectivity of com-
petition. It then attempts to draw together the factors
which, simultaneously or sequentially, are most rele-
vant to the intuitive foundation of the ‘trophic spec-
trum’. Then, following the habitat-template approach,

it is proposed that algal attributes are matched to the
opportunities provided by environmental and that there
is an encouraging fit of phytoplankton species to the
range of habitats described by the trophic spectrum.
Finally, some well-documented transitions in trophic
state from the English Lake District serve to emphasise
the generalist nature of the floristic responses.

hyma13.tex; 6/08/1998; 23:37; v.7; p.2

26

27 28

12 Pandorina. 13. Gonium. 14a,b. Volvox,  
16. Eudorina. 17-18, Chlorogonium, 19. 
Spermatozopsis.

64. Dictyosphaerium, 65. Micractinium, 66. 
Crucigenia, 67. a,b., Crucigenia, 68, 69. 
Crucigeniella, 70-72 Pediastrum
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20-21. Tetrabena, 22. Monoraphidium, 23. 

Kirchneriella, 24. Ankistrodesmus, 25-27. Tetraedron, 
29. Treubaria,  31-33. Lagerheimia, 34-35 Chodatella

54. Closterium, 55. Cosmarium, 56. Coelastrum, 57. 

Botryococcus, 58-61. Scenedesmus/Desmodesus, 
62. Actinastrum, 62. Tetrastrum

30
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73. Stephanodiscus, 74-80. Cyclotella,  81-82. 

Aulacoseira, 83. Navicula, 84-85. Ulnaria, 86. 
Pinularia, 87. 88. Cocconeis, 89. Nitzschia

90. Gyrosigma, 91. Asterionella, 92. Diatoma, 

93. Dinobryon, 94. Mallomonas, 95. Synura, 96. 
Chromulina
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B. Desortová, P. Punčochář / Limnologica 41 (2011) 160–166 163

Fig. 2. Monthly means of chlorophyll-a concentration (full line) and flow rate (dashed line) at the Berounka River sampling site in the years 2002–2007.

The mixed assemblage of diatoms and chlorococcal algae charac-
terised phytoplankton of the late summer and autumn. Blue-green
algae occurred sporadically and never prevailed in the phytoplank-
ton samples during the years under study. All of the other groups
of algae were present in a low number of taxa. Prevalency of
diatoms and coccal green algae in phytoplankton composition is
common for the large temperate rivers in Europe (e.g. Garnier et
al. 1995; Reynolds and Descy 1996). The phytoplankton biomass
regularly formed 1 or 2 sharp peaks during the year at the River
Berounka study site as shown in Fig. 2, where monthly means
of chlorophyll-a concentration are presented. However, when the
whole data set is used, the higher fluctuations of phytoplankton
biomass are more obvious. A detailed presentation of the data was
restricted to the three consecutive years 2003–2005 as they repre-
sent different combinations of weather and flow conditions. Fig. 3
demonstrates the changes of chlorophyll-a concentrations and flow
rates recorded on sampling days during the years 2003–2005.
The spring onset of phytoplankton biomass is obvious after the
decrease of high winter flows in all those three years. In 2003
the extremely dry and hot weather during summer caused a rel-
atively long period of high water temperatures and very low flow
rates, which resulted in the fast growth of phytoplankton and the
prolongation of its high biomass occurrence. The chlorophyll-a
concentrations above 150 !g L−1 were present from May to Octo-
ber and the seasonal chlorophyll-a maximum (277.3 !g L−1) was
recorded as late as at the begining of October. The unusually
dry weather and the absence of precipitation over the Bohemian
territory led to low flow rates and to a substantial increase of
retention time of water in the watercourse. Changes in retention
time along the Berounka River during the summer 2003 were
derived from measurements of transport time by a colour tracer.
The Berounka River Board Authority provided these measurements
in upstream stretches of the river during 1971–1974 (unpublished
data). The estimated retention time increased from about 7–8 days
up to 17–20 days, due to a steady decrease of flow rate from
31 m3 s−1 to 9.5 m3 s−1 during April–September 2003 respectively.
These values represent 58–49% of long-term (1951–1980) mean
monthly flows. The period of stable low flow rates as well as high
water temperatures (reaching up to 27 ◦C) during summer 2003
led to the development of an excessive phytoplankton biomass
in the River Berounka. A similar situation was observed during
the extremely dry growing season in 2003, for example, in the
middle Elbe (Germany) where the concentration of chlorophyll-a
reached about 150 !g L−1, data by Baborowski et al. (2004) gained
from weekly monitoring. When analysing the years 1976, 1991
and 2003, evaluation of the data for the River Rhine at Lobith
(the Netherlands) also showed much higher chlorophyll-a concen-

trations during the summer drought period (Zwolsman and van
Bokhoven, 2007).

In 2004, meteorological and hydrological conditions were close
to the long-term averages with the exception of the relatively low
level of sunshine (see Table 1). During the period July–September of
that year chlorophyll-a values fluctuated independently of flow rate
changes (see Fig. 3). In 2004, the seasonal maxima of chlorophyll-a
reached 164.6 !g L−1 and the seasonal mean value 86.5 !g L−1

.
In the year 2005, the lowest level of chlorophyll-a concentra-

tion was detected (seasonal mean value of chlorophyll-a was only
51.2 !g L−1 and maxima 124.3 !g L−1) and the annual development
of phytoplankton biomass was substantially influenced by flow rate
fluctuations in the River Berounka (Fig. 3).

Considerable differences of chlorophyll-a concentrations
become evident when comparing the data for individual years of
the investigated period (2002–2007) in spite of the similar level of
main nutrients. Seasonal mean values of chlorophyll-a in the range
of 51.0–116.8 !g L−1 do not correspond with the concentrations of
main nutrients. In contrast, a significantly increasing relationship
(P < 0.001) of chlorophyll-a concentrations to water tempera-
tures and a significantly decreasing relationship (P < 0.001) of
chlorophyll-a concentrations to flow rates were detected using the
regression models with autocorrelated errors based on monthly
mean values for the seasonal period of 2002–2007 (see Fig. 4A and
B). Moreover, also in a multivariate regression model, both the
water temperature and the flow rate significantly influences the
chlorophyll-a concentration (P < 0.001, 0.027, respectively) leading
to the prediction expression

chlorophyll-a = 17.889 e0.082 temperature−0.0055 flow rate

Neither in the univariate regression models (P = 0.88, 0.58,
respectively), nor in the multivariate regression model (P = 0.55)
has non-normality of errors been detected.

This suggests that climatic and hydrological conditions are
stronger factors influencing seasonal pattern and phytoplankton
biomass values rather than the level of main nutrients in the River
Berounka.

A rapid increase of phytoplankton amount following the
decrease of winter flow as well as the influence of flow instabil-
ity on chlorophyll-a fluctuation confirm the obvious dependency of
phytoplankton biomass on flow pattern and magnitude. Similarly,
high flow rates also have an important impact on phytoplankton
biomass and can cause a shift in the seasonal pattern of its devel-
opment. Data obtained for 2006 and 2007 (Fig. 5A and B) can be
used as an example. Atypical development of the climatic situation
in the winter and in the spring of the year 2007, i.e. above-average

Stężenie chlorofilu a – pełna linia,  przepływ wody – linia przerywana

Desortova i Puncochar 2011
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Pseudonitzschia australis

Chaetoceros sp.
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Synechococcus sp.Chlorella-like

Piko

MesoMikro

Nano
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• Górne panele średnie mapy stosunków Si:N dla czerwca i grudnia. Wartości <2 mol 
mol−1 (żółty) – rozpuszczona krzemionka ulega wyczerpaniu przed azotem 
nieorganicznym; a zielony – wartości >2 mol mol−1   obszary gdzie N jest limitujący. 
Dane z World Ocean Atlas 2013 (Boyer et al., 2013). 

• Panele dolne pokazują miesięczne średnie rozkłady dominujących grup fitoplanktonu 
w czerwcu i grudniu Panćić & Kiorboe 2018
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Table 1. Średnia produkcja pierwotna netto i biomasa siedlisk
wodnych. Data from R.H. Whittaker and G.E. Likens, Human Ecol.  1: 
357-369 (1973).

Habitat Net primary 
Production 
(g C/m2/yr)

Rafy koralowe 2000
Lasy Kelpowe 1900
Estuaria 1800
Łąki podwodne 1000
Bagna magrowe 500
Jeziora & rzeki 500
Szelf kontynentalny 360
Upwelling 250
Otwarty ocean 50
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Globalne wzorce miesięcznego bogactwa gatunkowego 
fitoplanktonu i turnover gatunkowego.

(A) Roczna średnia miesięcznego bogactwa gatunkowego i (B) miesięczny „turnover” gatunków, 
Gradienty równoleżnikowe (C) bogactwa i (D) obrotu. 

Righetti i in. 2019
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